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CONVERSION FACTORS AND ABBREVIATIONS 

Data presented i n t h i s report are i n inch-pound units. To convert inch-
pound units to metric (International System) units, use the following 
factors: 

Multiply inch-pound u n i t 

inch ( i n . ) 
foot ( f t ) 
mile (mi) 
square mile 

(mi 2) 
gallon per minute 

(gal/min) 
gallon per minute per 
foot [ ( g a l / m i n ) / f t ] 

By 

25.4 
0.3048 
1.609 
2.590 

0.06308 

0.2070 

To obtain metric u n i t 

millimeter (mm) 
meter (m) 
kilometer (km) 
square kilometer 

(km 2) 
l i t e r per second 

(L/s) 
l i t e r per second per 
meter [(L/s)/m] 

Temperature Conversion 

Temperature i n degrees Celsius (°C) i s converted to degrees Fahrenheit 
(°F) by the equation: °F - (9/5)°C + 32. 

Sea le v e l : I n t h i s report, "sea l e v e l " refers to the National Geodetic 
Vert i c a l Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a 
general adjustment of the f i r s t - o r d e r level nets of both the United States 
and Canada, formerly called "Sea Level Datum of 1929." 



HYDROGEOLOGIC RECONNAISSANCE OF THE SWOPE OIL SUPERFUND SITE AND VICINITY, 
CAMDEN AND BURLINGTON COUNTIES, NEW JERSEY 

By Gary J. Barton and Martha Krebs 

ABSTRACT 

From 1965-79, a chemical reclamation f a c i l i t y , now known as the Swope 
O i l Superfund s i t e , s o l d and processed a v a r i e t y of chemical compounds. 
Operation of the f a c i l i t y r e s u l t e d i n contamination of ground water beneath 
the 1.9-acre s i t e . During 1984, the maximum concentrations of chromium and 
lead i n ground water were 64 and 90 f i g / L (micrograms per l i t e r ) , 
r e s p e c t i v e l y ; the maximum concentration of t o t a l purgeable organic compounds 
(POCs) was 108 /ig/L; and the maximum concentration of t o t a l base/neutral-
and a c i d - e x t r a c t a b l e organic compounds was 116 pg/L. Although the o f f - s i t e 
m i g r a t i o n of these compounds has not been studied, a p u b l i c - s u p p l y w e l l 300 
f e e t from the s i t e i s contaminated, and a public-supply w e l l 1,400 f e e t from 
the s i t e may be threatened. 

The study area i s adjacent to the t i d a l l y i n f l u e n c e d Delaware River and 
i s s i t u a t e d i n the New Jersey p a r t of the A t l a n t i c Coastal P l a i n 
physiographic province. This province consists of a wedge of unconsolidated 
sediment which thickens and dips toward the A t l a n t i c Ocean. 

The study area i s u n d e r l a i n by a l l u v i a l deposits, the Cretaceous 
Merchantville-Woodbury c o n f i n i n g u n i t , and the Potomac-Raritan-Magothy 
aq u i f e r system. These deposits, which-are composed of g r a v e l , sand, s i l t , 
and clay, crop out i n the study area and are u n d e r l a i n by bedrock. These' 
hydrogeologic u n i t s comprise the water-table a q u i f e r , the c o n f i n i n g u n i t s , 
and the confined a q u i f e r found throughout the study area. 

The Potomac-Raritan-Magothy a q u i f e r system i s i n c i s e d by the Delaware 
River and i s h y d r a u l i c a l l y connected to i t . Regional estimates of h y d r a u l i c 
c o n d u c t i v i t i e s o f a q u i f e r s and c o n f i n i n g u n i t s i n Cretaceous rocks are 130 
to 350 f t / d ( f e e t per day), and approximately 2.0 x 10" 2 f t / d , r e s p e c t i v e l y 
The average y i e l d o f w e l l s 6 inches or l a r g e r i n the confined a q u i f e r i s 
approximately 1190 gallons per minute; s p e c i f i c capacity ranges from 17 t o 
80 gallons per minute per f o o t of drawdown. -

The surface o f the water t a b l e beneath the Swope O i l Superfund s i t e i s 
approximately 17 f e e t below sea l e v e l . Ground-water l e v e l s throughout the 
study area are b e l i e v e d to be below the stage of the Delaware River, causing 
induced recharge t o the Potomac-Raritan-Magothy, a q u i f e r system from the 
r i v e r . P r e c i p i t a t i o n i s the p r i n c i p a l source of recharge to the water-table 
a q u i f e r . Induced recharge i n t o a q u i f e r s of the Potomac-Raritan-Magothy 
a q u i f e r system from the Delaware River and downward leakage o f water through 
c o n f i n i n g u n i t s toward pumping centers i n Camden County are the p r i n c i p a l 
sources of recharge to the confined a q u i f e r . 

Five p u b l i c - s u p p l y w e l l f i e l d s are located i n the study area, p r i m a r i l y 
adjacent to the Delaware River. During 1983 public-supply w e l l s pumped 
approximately 25 m i l l i o n gallons per day of water, which accounts f o r 



approximately 30 percent of a l l ground-water withdrawals by publi c - s u p p l y 
wells, i n Camden County. Four waste-disposal s i t e s w i t h observation-well 
networks are also located i n the study area. 

The water-table and confined aquifers are contaminated i n several 
l o c a t i o n s i n the study area. The concentration o f metals and purgeable 
organic compounds exceeds U.S. Environmental P r o t e c t i o n Agency and New 
Jersey Department of Environmental P r o t e c t i o n maximum contaminant l e v e l f o r 
drinking-water i n more than 20 we l l s i n the study area. Based on l i m i t e d 
data, the maximum concentration of t o t a l POCs i n water from public-supply 
w e l l s i s approximately 300 /ig/L and at waste-disposal s i t e s i s 35,140 /zg/L. 

Construction d e t a i l s of 98 wel l s and 16 t e s t borings are presented. 
D r i l l e r s ' , g e o l o g i s t s ' , and geophysical logs made i n 68 w e l l s and 12 t e s t 
borings are included. Ground-water l e v e l s measured du r i n g three w a t e r - l e v e l 
measurement programs from 1984-86, s l u g - t e s t data, and ground-water 
withdrawals from 1956 to 1987 are l i s t e d . Results of more than 180 chemical 
analyses of ground-water samples c o l l e c t e d d u r i n g 1980-87 from 53 we l l s are 
given. Physical p r o p e r t i e s and chemical c o n s t i t u e n t s i n c l u d i n g common ions, 
trace metals, purgeable organic compounds, and base/neutral- and acid-
e x t r a c t a b l e organic compounds are reported. 

INTRODUCTION 

The study area includes the Swope O i l Superfund s i t e 1 and adjacent areas 
i n n orthern Camden and western B u r l i n g t o n Counties, New Jersey ( f i g . 1 ) . 
From 1965 to 1979, a chemical reclamation f a c i l i t y was operated on a 
1.9-acre s i t e i n Pennsauken Township, Camden County. This s i t e i s u n d e r l a i n 
by the Potomac-Raritan-Magothy a q u i f e r system, the most h e a v i l y pumped 
source o f water i n the New Jersey Coastal P l a i n and the only source of 
d r i n k i n g water i n the area. Operations a t the s i t e contaminated the ground 
water w i t h s y n t h e t i c organic compounds and trace metals (NUS Corporation, 
1985). Although o f f - s i t e m i g r a t i o n of these compounds has not been studied 
a public-supply w e l l 300 f e e t from the s i t e i s contaminated, and a p u b l i c -
supply w e l l 1,400 f e e t from the s i t e may be threatened. 

The Region I I Ad m i n i s t r a t o r of the U.S. Environmental P r o t e c t i o n Agency 
(USEPA) signed'a Record of Decision i n 1985 recommending t h a t a supplemental 
Remedial I n v e s t i g a t i o n / F e a s i b i l i t y Study (RI/FS) be undertaken to'evaluate 
the extent of ground-water contamination a t t h i s s i t e (Geraghty and M i l l e r , 
Inc., 1987). The USEPA subsequently requested t h a t the U.S. Geological 
Survey provide t e c h n i c a l assistance i n e v a l u a t i n g the impact of the s i t e 
now c a l l e d the Swope O i l Superfund s i t e , on the l o c a l ground-water q u a l i t y . 

Purpose and Scope 

This r e p o r t provides a generalized d e s c r i p t i o n o f the hydrogeologic 
framework, i n f o r m a t i o n on waste-disposal s i t e s , and data on w e l l s and t e s t 
borings i n the Swope O i l study area. These data were compiled from US 
Geological Survey f i l e s and re p o r t s , New Jersey Department o f Environmental 

1 The use of i n d u s t r y or f i r m names i n t h i s r e p o r t i s f o r l o c a t i o n purposes 
only, does not impute r e s p o n s i b i l i t y . f o r any present or p o t e n t i a l e f f e c t s 
on the n a t u r a l resources. 



p r o t e c t i o n (NJDEP) f i l e s , and consultants' r e p o r t s . Data c o l l e c t e d p r i o r t< 
.. the i n i t i a l 1985 RI/FS a t the Swope O i l Superfund s i t e are presented f o r 

h i s t o r i c a l perspective. 

Also i n t h i s r e p o r t are hydrogeologic sections and maps of the top of 
the bedrock surface and the p o t e n t i o m e t r i c surface o f the Potomac-Raritan-
Magothy a q u i f e r system. Locations o f public-supply w e l l f i e l d s , waste-

- disposal s i t e s , and w e l l s and t e s t borings i n the study area are shown on 
maps. Tables include, w e l l - c o n s t r u c t i o n : d e t a i l s , s p e c i f i c c a p a c i t i e s of 
we l l s , ground-water l e v e l s , s l u g - t e s t data, ground-water withdrawals, and 
r e s u l t s of analyses f o r p h y s i c a l p r o p e r t i e s and common ions, trace metals, 
purgeable organic compounds, and base/neutral- and a c i d - e x t r a c t a b l e 
compounds i n water from w e l l s . Appendixes.include copies of d r i l l e r s ' , 
g e ologists', and geophysical logs f o r w e l l s and t e s t borings. '' • 

Previous and Ongoing I n v e s t i g a t i o n s 

Previous and ongoing i n v e s t i g a t i o n s adjacent to or i n c l u d i n g the Swope 
O i l study area focused on d e f i n i n g the r e g i o n a l hydrogeologic u n i t s , 
assessing r e g i o n a l ground-water resources, s i m u l a t i n g r e g i o n a l ground-water 
flow i n the Potomac-Raritan-Magothy a q u i f e r system, and assessing waste 
disposal s i t e s . 

G i l l and Farlekas (1976) developed geohydrologic maps of the Potomac-
Raritan-Magothy a q u i f e r system i n the New Jersey Coastal P l a i n . Farlekas 
and others (1976) provided i n f o r m a t i o n on the ground-water hydrology of 
Camden County. They mapped the hydrogeologic u n i t s and addressed the 
a v a i l a b i l i t y and q u a l i t y of ground water based c h i e f l y on analysis and 
i n t e r p r e t a t i o n of ground-water l e v e l s , a q u i f e r t e s t s , water-use data and 
w a t e r - q u a l i t y data. Owens and Minard (1979) presented a d e t a i l e d 
reconnaissance of upper Cenozoic sediments i n the Delaware River Valley and 
the Northern Delmarva Peninsula, New Jersey, Pennsylvania, Delaware and 
Maryland. 

Vowinkel and Foster (1981) appraised and described the ground-water 
system, computed approximate h y d r o l o g i c budgets, and summarized the e f f e c t s 
or ground-water withdrawals on the n a t u r a l hydrologic system of the Coastal 
Plain- m New Jersey. Vowinkel (1984) presented aggregate ground-water 
withdrawal data f o r the New Jersey Coastal P l a i n . Zapecza (1984) presented 
tne r e s u l t s of an i n t e n s i v e study of borehole geophysical logs of the New 
Jersey Coastal P l a i n and defined the occurrence and c o n f i g u r a t i o n of 
regio n a l hydrogeologic u n i t s . Walker (1983) and Eckel and Walker (1986) 
documented and evaluated changes i n water l e v e l s i n the major a r t e s i a n 
aquifers of the New Jersey Coastal P l a i n . 

^Navoy and others (U.S. Geological Survey, w r i t t e n commun., 1988) are 
studying the ground-water hydrology of Camden County and v i c i n i t y . The main 
purpose of t h e i r study i s to examine the flow of ground water i n the 
Potomac-Raritan-Magothy a q u i f e r system. The study w i l l d efine the geologic 
iramework and h y d r a u l i c p r o p e r t i e s of the a q u i f e r system and describe 
c h a r a c t e r i s t i c s of flow, i n t e r a c t i o n of the a q u i f e r system w i t h the Delaware 
Kiver estuary and o v e r l y i n g a q u i f e r s , and water use. The f i n d i n g s of the 
i n v e s t i g a t i o n w i l l be used to develop a d e t a i l e d three-dimensional model"of 
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ground-water flow i n the Camden area. This study also w i l l assess the need 
f o r and f e a s i b i l i t y of modeling contaminant t r a n s p o r t (Leahy and others 
1987). ( . ' 

Luzier (1980) developed a two-dimensional model of ground-water f l o w i n 
the Potomac-Raritan-Magothy a q u i f e r system to evaluate the. e f f e c t s o f 
increasing water use. Using Luzier's model, Harbaugh and others (1980) 
teste d various conjunctive-use s t r a t e g i e s to determine the r e s u l t i n g poten­
t i o m e t r i c surface. ;A model prepared by Camp Dresser McKee, Inc. (1982) f o r 
the Delaware River Basin Commission was used to simulate flow i n the Coastal 
P l a i n of New Jersey, Pennsylvania, and parts of Delaware. The New Jersey 
subregional Regional A q u i f e r System Analysis p r o j e c t includes a d e t a i l e d 
i n v e s t i g a t i o n o f the geohydrologic framework, geochemistry, and r e g i o n a l 
flow systems of major a q u i f e r s i n the New Jersey Coastal P l a i n (Meisler 
1980; M a r t i n , 1987). 

Langmuir (1969), Farlekas and others (1976), F u s i l l o and Voronin (1981), 
and F u s i l l o and others (1985) conducted r e g i o n a l or county reconnaissance 
studies of ground-water q u a l i t y t h a t included the Swope O i l study area. 
Water samples, c h i e f l y from the Potomac-Raritan-Magothy a q u i f e r system were 
c o l l e c t e d f o r each study and were analyzed f o r various chemical c o n s t i t u e n t s 
i n c l u d i n g purgeable organic compound and trace metals. F u s i l l o and others 
(1984) compiled ground-water q u a l i t y data c o l l e c t e d from 1923 to 1983 f o r 
p a r t of the Potomac-Raritan-Magothy aqui f e r system i n southwestern New 
Jersey. 

The Swope O i l Superfund s i t e has been studied since 1984. An analysis 
? L r r i a l p h o t ° S r a P h s o f t h e S w ° P e O i l Superfund s i t e taken between 1965 and 
1983 was prepared by the Bionetics Corporation (1984) f o r the USEPA The • 
NUS Corporation conducted a Remedial I n v e s t i g a t i o n / F e a s i b i l i t y study a t the 
Swope O i l Superfund s i t e during 1984-85. NUS Corporation i n s t a l l e d f i v e 
monitoring w e l l s and e i g h t t e s t holes to ob t a i n geologic and geophysical 
logs, cores of the lower c o n f i n i n g u n i t , s l u g - t e s t data, samples f o r water-
q u a l i t y and s o i l - c h e m i s t r y analyses, and water l e v e l s (NUS Corporation 
1985). As p a r t of an ongoing study, ERT, a c o n t r a c t o r t o the responsible 
p a r t i e s , i n v e s t i g a t e d the occurrence of p o l y c h l o r i n a t e d biphenyls (PCBs) i n 
shallow s o i l s and conducted a t e r r a i n c o n d u c t i v i t y survey a t t h i s s i t e 
during October 1987 ( P h i l l i p Guarraia, U.S. Environmental P r o t e c t i o n Agency 
Region I I , o r a l commun., 1988). , 

Hydrogeologic i n v e s t i g a t i o n s are c u r r e n t l y being conducted a t three 
a d d i t i o n a l waste-disposal s i t e s i n the study area--the Pennsauken Township 
L a n d t i l l , Aluminum Shapes, and Remanufactured Engines and Auto Parts These 
i n v e s t i g a t i o n s include i n s t a l l i n g w e l l s and t e s t holes, d e f i n i n g 
hydrogeologic u n i t s and hydrolog i c c o n d i t i o n s , measuring water l e v e l s and 
eval u a t i n g the q u a l i t y of ground water (G. Haag. New Jersey Department of 
Environmental P r o t e c t i o n , o r a l commun., 1987). Some o f the data c o l l e c t e d 
at these three s i t e s have been obtained from the NJDEP and c o n s u l t i n g f i r m s 
and are included i n t h i s r e p o r t . 

Well-Numbering System 

Two well-numbering systems are used i n t h i s r e p o r t . The f i r s t , based on 
the well-numbering system used by the U.S. Geological Survey i n New Jersey 

5 



3 

since j,^9 7 8, con||p||||;:0f a county code number ( f i r s t two d i g i t s ) , f o l l o w e d by 
a sequence numb'f^^ the w e l l w i t h i n the county ( l a s t four d i g i t s ) . County 
codesj|^sed are , | u r l i u g t o n (5) and Camden ( 7 ) . For example, w e l l number 
070372"*represenif-s the 372nd w e l l i n v e n t o r i e d i n Camden County. Construction 
d e t a i l s f o r w e l l s w i t h t h i s type of i d e n t i f i e r are store d i n the U.S. 
Geological Survey Ground Water S i t e Inventory (GWSI) data base. 

T|t3 second well-numbering system consists of a t h r e e - d i g i t w e l l number 
used only i n t h i s r e p o r t . This well-numbering system was developed f o r t h i s 
r e p o r t and i s not used by e i t h e r NJDEP or NUS Corporation. These w e l l 
numbers are used to i d e n t i f y w e l l s located i n Camden County ( f o r example, 
w e l l number 021) t h a t have not y e t been entered i n t o the GWSI data base. 
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DESCRIPTION OF STUDY AREA 

The Swope O i l study area includes approximately 10.5 square miles i n 
Pennsauken Township, Camden County, and the Palmyra Borough and Cinnaminson 
Township, B u r l i n g t o n County, New Jersey ( f i g . 1 and p i . l a ) . The Swope O i l 
Superfund s i t e i s a 1.9-acre t r i a n g u l a r s i t e s i t u a t e d between two r a i l r o a d 
spurs and National Highway i n an i n d u s t r i a l park i n the center of the study 
area ( p i . l a ) . Bordering the study area to the northeast are Palmyra 
Borough and Cinnaminson Township. The study area extends southeast to Maple 
Shade Township. The Delaware River borders the study area to the northwest. 
The study area has gently r o l l i n g h i l l s and l o w - l y i n g topography w i t h 
a l t i t u d e s t h a t range from sea l e v e l to s l i g h t l y more than 80 f t ( f e e t ) above 
sea l e v e l . Land use i s p r i m a r i l y commercial, i n d u s t r i a l , and r e s i d e n t i a l . 

The Swope O i l study area i s s i t u a t e d w i t h i n the Delaware River basin. 
The Delaware River i s an estuary from Trenton, New Jersey to the A t l a n t i c 
Ocean; the r i v e r and the lower reaches of i t s t r i b u t a r i e s are t i d a l l y 
i n f l u e n c e d i n the study area. Delaware River, t i d e e l e v a t i o n s i n the study 
area are measured at the U.S. Geological Survey tide-gaging s t a t i o n , 
Delaware River at Palmyra, New Jersey near the Tacony-Palmyra Bridge ( p i . 
l a ) . From October 1985 to September 1986, el e v a t i o n s ranged from a maximum 
high t i d e o f 6.56 f t above sea l e v e l during May t o a minimum low t i d e o f 
3.94 f t below sea l e v e l d uring January and March (Bauersfeld and others 
1987). ' 

I n the study area, the Delaware River Basin i s d i v i d e d i n t o the 
Pennsauken, Baldwin Run, and Pomperston drainage basins (Vowinkel and 
Foster, 1981). Surface water i n the study area drains i n t o the Delaware 
River. The primary stream, Pennsauken Creek, i s • l o c a t e d i n the northern 
p a r t of the study area. North Branch and South Branch are streams i n the 
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eastern p a r t of the study area t h a t meet to form Pennsauken Creek ( p i . l a ) . 
Pochack Creek i s a smaller stream located i n the southern p a r t of the study 
area. Because these p e r e n n i a l streams are t i d a l throughout most of the 
study area, base flows have not been estimated. 

Swope O i l . S i t e Operations 

A chemical reclamation f a c i l i t y operated from 1965 to 1979 ( p i . l b ) a t 
the Swope O i l Superfund s i t e . Various chemical compounds were stor e d and/or 
processed a t t h i s f a c i l i t y . These chemical compounds include phosphate-
ester h y d r a u l i c f l u i d , p a i n t s , varnishes, solvents, p l a s t i c i z e r s , and 

:• p r i n t i n g i n k s . On-site features include a main b u i l d i n g t h a t served as an 
o f f i c e and warehouse, a d i s t i l l i n g house, a diked tank farm c o n s i s t i n g of 
approximately 15 above-ground tanks,' an un l i n e d lagoon, and an area of 
buried sludge (NUS Corporation, 1985). The u n l i n e d lagoon has an i r r e g u l a r 
oval shape, and i s approximately 120 f t long w i t h a maximum w i d t h of 60 f t . 
The b u r i e d sludge area i s approximately 160 f t by 100 f t . The depths o f the 
lagoon and b u r i e d sludge area have not been reported. 

I n 1975, an inspector from the State Bureau of A i r P o l l u t i o n v i s i t e d the 
s i t e and recommended t h a t the Bureau of Water P o l l u t i o n Control inspect the 
s i t e . During subsequent v i s i t s , o f f i c i a l s observed discharges'to drainage 
ditches on the s i t e and probable m i g r a t i o n toward Pennsauken Creek v i a storm 

: sewers. Swope O i l Chemical Company was c i t e d i n 1975 f o r operating w i t h o u t 
. proper permits and again i n 1979 f o r f a i l u r e to prepare, maintain, or f u l l y 
implement a S p i l l Prevention,' Containment and Countermeasure Plan. The 

rcompany ceased ope r a t i o n i n December 1979, and has declined to take any 
ac t i o n a t the s i t e (NUS Corporation, 1985). To date, surface drums and 

•approximately 3,000 tons of sludge from the on - s i t e waste lagoon have been 
• removed and a fence has been i n s t a l l e d on the perimeter of the s i t e 
(Geraghty and M i l l e r , Inc., 1987), and approximately 75 percent of the 
above-ground tanks have been removed and b u i l d i n g d e m o l i t i o n has been 
i n i t i a t e d (T. Dunkelman, U.S. Environmental P r o t e c t i o n Agency, o r a l commun 
1989). . 

Public-Supply Wells 

Water used f o r p u b l i c supply i n the study area i s derived from ground 
water. Of the f i v e w e l l f i e l d s i n the study area, the Puchack, D e l a i r , and 
Morris w e l l f i e l d s are owned by the Camden Ci t y Water Department, and the 
Marion and Park Avenue f i e l d s are owned by the Merchantville-Pennsauken 
Water Commission (MPWC) ( p i . l c ) . I n a d d i t i o n , N a t i o n a l Highway w e l l 1 and 
National Highway w e l l 2 ( w e l l numbers 070372 and-070602) are owned by the 
MPWC, and the DVWC 28 ( w e l l number 050123) and the Stephen Drive w e l l ( w e l l 
number 050124) are owned by the Delaware Valley Water Company ( p i . l a ) . 
Pumpage i s concentrated p r i m a r i l y along the Delaware River. During 1983, 
public-supply w e l l s i n the study area pumped approximately 25 Mgal/d 
( m i l l i o n g a llons per day) of water from the lower a q u i f e r of the Potomac-
Karitan-Magothy a q u i f e r system w i t h i n the Swope O i l study area. 

P r o x i m a t e l y 30 percent of a l l ground-water withdrawals from p u b l i c - s u p p l y 
wells m Camden County occur w i t h i n a one-mile radius of the Swope O i l 
uperfund s i t e . Withdrawals by public-supply purveyors i n the study area 

are l i s t e d i n the s e c t i o n "Data base." 
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Two public-supply w e l l s , National Highway w e l l 1 and National Highway 
w e l l 2 ( p i . l a ) , are adjacent to the Swope O i l Superfund s i t e . N a t i o n a l 
Highway w e l l 1, 250 f t southwest of the s i t e , i s contaminated w i t h organic 
compounds and operates only during emergencies. During 1987, about 1.15 
Mgal/d were withdrawn from National Highway w e l l 2, approximately 1,400 f t 
northeast of the s i t e . 

Waste-Disposal S i t e s 

The l o c a t i o n s o f four waste-disposal s i t e s w i t h o b s e r v a t i o n - w e l l 
networks i n the study area are shown on p l a t e l c . The New Jersey P o l l u t a n t 
Discharge E l i m i n a t i o n System (NJPDES) permit, o b s e r v a t i o n - w e l l , and se l e c t 
t e s t - b o r i n g numbers f o r waste-disposal s i t e s are l i s t e d i n t a b l e 1. . 
Observation-well and t e s t - b o r i n g data from the f o u r s i t e s , d r i l l e d between 
1979 and 1986, are l i s t e d i n the s e c t i o n "Data Base". 

HYDROGEOLOGIC FRAMEWORK 

Regional S t r a t i g r a p h y 

The study area i s i n the New Jersey p a r t o f the A t l a n t i c Coastal P l a i n 
physiographic province, a wedge of unconsolidated sediments t h a t thickens 
and dips toward the A t l a n t i c Ocean. This physiographic province i s bounded 
on the northwest by the F a l l Line ( f i g . 1 ) . 

The study area i s located w i t h i n the lowland subprovince of the Coastal 
P l a i n (Owens and Minard, 1979), an area c h a r a c t e r i z e d by stream v a l l e y s , 
t i d a l marshes, and swamp deposits a t a l t i t u d e s t h a t are g e n e r a l l y less than 
20 f t above sea l e v e l . Areas at higher e l e v a t i o n s are much sandier and have 
b e t t e r drainage than the l o w - l y i n g areas. 

The study area i s u n d e r l a i n by a l l u v i a l d e p osits; the. M e r c h a n t v i l l e 
Formation of Cretaceous age t h a t forms the Merchantville-Woodbury c o n f i n i n g 
u n i t ; and the Magothy Formation and the u n d e r l y i n g R a r i t a n Formation and the 
Potomac Group, a l l of Cretaceous age, t h a t form the Potomac-Raritan-Magothy 
a q u i f e r system. The Woodbury Clay crops'out j u s t east of the study area. 
These u n i t s l i e unconformably on pre-Cretaceous bedrock t h a t consists of 
metamorphic and igneous rocks ( t a b l e 2 ) . 

A l l u v i a l deposits of l a t e Cenozoic age cover t h a t p a r t of the Delaware 
River V a l l e y i n which the study area i s located. These deposits were 
described by Owens and Minard (1979). - I n the study area, the upper Cenozoic 
deposits range i n age from Quaternary to T e r t i a r y . These deposits c o n s i s t 
of several geologic u n i t s - - l a t e Wisconsin and Holocene Delaware River 
a l l u v i a l deposits and f i l l ; the Pleistocene Van Sciver Lake beds and Spring 
Lake beds; and po s s i b l y the upper Miocene Pensauken Formation. 

Late Wisconsin and Holocene a l l u v i a l and f i l l deposits occur i n the 
Delaware River channel and t i d a l wetlands. T i d a l wetlands deposits co n s i s t 
of dark s i l t and clay mixed w i t h organic matter and are s u f f i c i e n t l y 
permeable to allow appreciable recharge and discharge to pass through them 
(Parker and others, 1964). The Pleistocene deposits are graywacke sands 
deposited i n a broad v a l l e y bordering the present-day Delaware River 
channel. The Pensauken Formation occurs southwest o f the Pleistocene 



Table 1. 

Waste-
disposal 

s i t e 1 

•New Jersey pollutant discharge elimination system permit. 
observation-well, and selected test-boring numbers for waste-
disposal sites i n the Swope O i l study area • 

[ indicates no data available. Source of information: New 
Jersey Department of Environmental Protection hazardous-waste 
f i l e s ] 

NJPDES 
permit 
number2 

Test-boring 
number3 

Observation-well 
number4 

Swope O i l 
Superfund 
Site 

Pennsauken 
Township 
L a n d f i l l 

Aluminum 
Shapes 

Remanufac tured 
Engines and 
Auto Parts 

0054470 

0034576 

0054046 

011 012 013 

034 035 036 037 

001 002 003 004 005 

014 015 016 017 018 019 
020 021 022 023 024 025 
026 027 028 029 

038 039 040 041 

042 043 044 045 046 

Waste-disposal s i t e locations shown on plate l b . 
New Jersey Pollutant Discharge Elimination system permit number. ^ 
Three-digit test-boring numbers were assigned to test borings not i n the 
U.S. Geological Survey Ground Water Site Inventory (GWSI) data base. 
Shallow soil-boring locations are shown on plates l a and l c . . 
Three-digit well numbers were assigned to wells not i n the U.S. Geological 
Survey GWSI data base. Well locations shown on plates l a and lc 



Table 2.--Geologic and hydrogeologic units i n the Swope O i l study area and 
v i c i n i t y 

System Geologic unit Hydrogeologic unit 

Quaternary A l l u v i a l deposits 

U n d i f f e r e n t i a t e d 

T e r t i a r y Pensauken Formation 

U n d i f f e r e n t i a t e d 

Upper 
Cretaceous 

Woodbury Clay 

Merchantville-Woodbury 
c o n f i n i n g u n i t 

Upper 
Cretaceous 

M e r c h a n t v i l l e Formation 
Merchantville-Woodbury 
c o n f i n i n g u n i t 

Upper 
Cretaceous 

Magothy Formation 
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Upper a q u i f e r 

Upper 
Cretaceous 

R a r i t a n Formation 
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-
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C o n fining u n i t 

Upper 
Cretaceous 

R a r i t a n Formation 
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-
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Middle a q u i f e r 

Upper 
Cretaceous 

R a r i t a n Formation 
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-
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-
M
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y
 

a
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C o n fining u n i t 

Lower a q u i f e r 

Upper 
Cretaceous 

Potomac Group 
P
o
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-
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i
t
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n
-
M
a
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y
 

a
q
u
i
f
e
r
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C o n fining u n i t 

Lower a q u i f e r 

Lower 
Cretaceous Potomac Group 

P
o
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o
m
a
c
-
R
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i
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-
M
a
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t
h
y
 

a
q
u
i
f
e
r
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C o n fining u n i t 

Lower a q u i f e r 

Pre-
Cretaceous 

Metamorphic and 
igneous rocks 

Bedrock 
c o n f i 'ing u n i t 

Modified from Zapecza (1989) . 
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aeposits on a low-elevation p l a i n 50 to 80 f t above sea l e v e l , and forms a 
%hd of sediments approximately 5 miles wide t h a t has been mapped from Salem 
to Trenton, New Jersey. These deposits are p r i m a r i l y g l a u c o n i t i c and 
jfeldspathic sand and gravel (Owens and Minard, 1979). *• 

s. The Merchantville-Woodbury c o n f i n i n g u n i t o v e r l i e s the Potomac-Raritan-
Magothy a q u i f e r system, and i s comprised of the M e r c h a n t v i l l e Formation i n 
the study area and the Woodbury Clay j u s t east of the study area. The 
Merchantville-Woodbury c o n f i n i n g u n i t consists of t h i c k g l a u c o n i t i c c l ay and 

Zsand and i s one of the l e a s t permeable c o n f i n i n g u n i t s i n the New Jersey 
^Coastal P l a i n (Zapecza, 1984). 

y The Magothy and R a r i t a n Formations and Potomac Group, the o l d e s t 
deposits i n the New Jersey Coastal P l a i n , c o n s i s t of deposits of g r a v e l , 
sand, s i l t , and clay. The Potomac-Raritan-Magothy a q u i f e r system crops'out 

" i n a narrow three- to f i v e - m i l e wide band adjacent to the Delaware River i n 
southwestern New Jersey and i n the study area. I n southern New Jersey, the 

Potomac-Raritan-Magothy a q u i f e r system i s composed of three major a q u i f e r s - -
the upper, middle, and lower aquifers (Zapecza, 1984). These a q u i f e r s are 
l i t h o l o g i c a l l y s i m i l a r to the o v e r l y i n g a l l u v i a l deposits and are 
h y d r a u l i c a l l y connected to them. 

The Potomac-Raritan-Magothy a q u i f e r system l i e s on top of bedrock. The 
a l t i t u d e of the top of the bedrock surface i s shown i n f i g u r e 2. Because 
the bedrock consists of r e l a t i v e l y impermeable metamorphic and igneous 
rocks, i t i s not h y d r a u l i c a l l y connected to the a q u i f e r system and acts 
c o n f i n i n g u n i t (Barksdale and others, 1958). as a 

Study Area 

Maps, cross sections,, and w e l l - l o g i n t e r p r e t a t i o n s from previous 
i n v e s t i g a t i o n s of the hydrogeologic u n i t s throughout New Jersey (Zapecza 
1989) and i n the Camden region (A.S. Navoy, U.S. Geological Survey w r i t t e n 
commun., 1985) were used to develop generalized sections o f the study area 
Refinement o f the r e g i o n a l framework was accomplished p r i m a r i l y through 
i n t e r p r e t a t i o n of a d d i t i o n a l gamma-ray geophysical logs done as p a r t of t h i s 
study. The f o l l o w i n g p r e l i m i n a r y discussion of the hydrogeologic framework 
o f the study area i s based on s e c t i o n A-A' and B-B' ( p i . I d and l e ) and on 
r e g i o n a l trends developed by Owens and Minard (1979) and Zapecza (1984). 

A l l u v i a l deposits form a t h i n veneer of permeable sediments over the 
Cretaceous deposits i n the study area. Based on reconnaissance mapping 
conducted by Owens and Minard (1979) i n the Delaware V a l l e y , the thickness 
of a l l u v i a l deposits i s v a r i a b l e and can be as much as 55 f t or more Sand 
and clay layers i n these deposits are discontinuous over s h o r t distances as 
i l l u s t r a t e d i n s e c t i o n C-C ( f i g . 3). A l l u v i a l sand and g r a v e l deposits'are 
h y d r a u l i c a l l y connected to the underlying a q u i f e r where they o v e r l i e 
a q u i f e r s of the Potomac-Raritan-Magothy aqui f e r system. Together these 
deposits form the water-table a q u i f e r i n the study area. 

The Merchantville-Woodbury c o n f i n i n g u n i t crops out i n the study area 
east of National Highway 2 w e l l ( p i . l c ) and dips t o the southeast. None of 
the logs a v a i l a b l e f o r w e l l s i n the study area penetrates t h i s u n i t ' 
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75°07'30 

Figure 2.--Structure contours of the top of the bedrock surface 
beneath Coastal Plain sediments i n Camden and Burlington 
Counties, New Jersey. (From Farlekas and others, 1976.) 
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The upper and middle a q u i f e r s of the Potomac-Raritan-Magothy a q u i f e r 
system crop out where the discontinuous cover of a l l u v i a l deposits i n the 
study area i s absent. Both a q u i f e r s are i n c i s e d by the Delaware River and 
are h y d r a u l i c a l l y connected t o i t . The upper and middle a q u i f e r s are 
d i f f e r e n t i a t e d i n the southern p a r t of the study area, where the upper 
a q u i f e r i s less than 20 f t t h i c k and i s considered t o be a water-table 
a q u i f e r , and the middle a q u i f e r i s confined and i s approximately 20 f t 
t h i c k . 

I n the r e s t of the study area, the upper and middle a q u i f e r s cannot be 
d i f f e r e n t i a t e d because the c o n f i n i n g u n i t s eparating them i s absent. This 
u n d i f f e r e n t i a t e d a q u i f e r i s a water-table a q u i f e r t h a t c o n s i s t s of numerous 
l o c a l s i l t and clay l a y e r s . The unsaturated and s a t u r a t e d parts' o f t h i s 
u n i t together range from approximately 80 f t t o great e r than 100 f t t h i c k . 
The c o n f i n i n g u n i t t h a t separates the middle, and the upper and middle 
u n d i f f e r e n t i a t e d a q u i f e r , from the lower a q u i f e r has a maximum thickness of 
30 f t and appears to extend west to the Delaware River (A. S. Navoy, U.S. 
Geological Survey, o r a l commun., 1988). 

The lower a q u i f e r , which l i e s on top of bedrock, i s approximately 45 to 
110 f t t h i c k and i s h y d r a u l i c a l l y connected t o the Delaware River throughout 
the study area. A l t i t u d e of bedrock east of the Delaware River i n the study 
area ranges from approximately 75 to 250 f t below sea l e v e l . 

Swope O i l Superfund S i t e 

Only the water-table a q u i f e r and the u n d e r l y i n g c o n f i n i n g u n i t a t the 
Swope O i l Superfund s i t e have been studied w i t h t e s t borings and w e l l s . The 
unsaturated zone and the water-table a q u i f e r are composed of a l l u v i a l 
deposits and the upper and middle u n d i f f e r e n t i a t e d a q u i f e r of the Potomac-
Raritan-Magothy a q u i f e r system. From land surface t o a depth of 
approximately 30 f t , the deposits consist p r i m a r i l y o f interbedded sand, 
s i l t , and clay (NUS Corporation, 1985). Based on l i m i t e d geologic framework 
analyses ( f i g . 3) conducted approximately 0.5 miles n o r t h of t h i s s i t e by 
Owens and Minard (1979), p a r t or a l l of the upper 30 f t or so of sediments 
may be upper Cenozoic deposits. Below the s u r f i c i a l deposits to the top of 
the c o n f i n i n g u n i t o v e r l y i n g the lower a q u i f e r , sediments are coarse-grained 
and c o n s i s t p r i m a r i l y o f sand and some gravel w i t h minor amounts o f s i l t and 
cla y . Several discontinuous c l a y lenses w i t h thicknesses ranging from less 
than two to seven f t are present (NUS Corporation, 1985). The top surface 
of the c o n f i n i n g u n i t separating the water-table and the confined a q u i f e r i s 
approximately 57 to 60 f t below sea l e v e l . The confined a q u i f e r i s the 
lower a q u i f e r of the Potomac-Raritan-Magothy a q u i f e r system. 

Hydraulic Properties of Hydrogeologic U n i t s 

The v e r t i c a l h y d r a u l i c c o n d u c t i v i t y of the Merchantville-Woodbury con­
f i n i n g u n i t i n the study area has not been evaluated. However, according to 
M a r t i n (1987), the h y d r a u l i c c o n d u c t i v i t y of t h i s u n i t may be as much as two 
orders o f magnitude less than t h a t reported f o r the c o n f i n i n g u n i t s 
separating the aqu i f e r s o f the Potomac-Raritan-Magothy a q u i f e r system. The 
v e r t i c a l h y d r a u l i c c o n d u c t i v i t y of the c o n f i n i n g u n i t separating the upper 
and middle a q u i f e r s of the Potomac-Raritan-Magothy a q u i f e r system i n the 
study area has not been evaluated. A re g i o n a l estimate f o r t h i s u n i t based 
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?,'bn Martin's (1987) data i s 2.0 x 10" 2 f t / d . Two v e r t i c a l hydraulic 
^•conductivity values, 1.47 x 10" 4 f t / d and 1.28 x 10" 3 f t / d , for the 
'.confining u n i t overlying the lower aquifer beneath the Swope O i l Superfund 
ijsite has been reported by NUS Corporation (1985). A regional estimate of 
^hydraulic conductivity for t h i s u n i t based on Martin's (1987) data is 4 x 
jlO" 3 f t / d . 

Aquifer-test analyses i n Camden and Burlington Counties, summarized by 
fMartin (1987) , show that the horizontal hydraulic conductivity of the 
^aquifers i n the Potomac-Raritan-Magothy aquifer system,, including a l l u v i a l 
^deposits, ranges from 130 to 350 f t / d . Horizontal hydraulic conductivity of 
•the upper and middle undifferentiated.aquifer beneath the Swope Oi l 
^Superfund s i t e was determined by NUS Corporation (1985) to range from 14 to 
>1,360 f t / d . I n the study area, the average y i e l d of wells (6-in. diameter 
|or larger) screened i n the lower aquifer i s approximately 1190 gal/min 
%(gallons per minute); specific capacity ranges from 6 to 80 gal/min/ft 
'(gallons per minute per foot) of drawdown. Slug-test data and specific-
ccapacity-test data are presented i n Appendixes A and B, and table 3. 

GROUND WATER 

The most productive source of ground water i n the Swope Oi l study area 
is the Potomac-Raritan-Magothy aquifer system. Ground-water withdrawals i n 
phe study area are primarily from the lower aquifer i n t h i s system (Farlekas 
>nd others, 1976). The main source of recharge to the unconfined aquifer 
^system i s p r e c i p i t a t i o n . Mean annual p r e c i p i t a t i o n i s about 44 i n . 
(Vowinkel and Foster, 1981). Because the t e r r a i n i s generally f l a t and 
covered with permeable, sandy s o i l s , a si g n i f i c a n t percentage of the 
precipitation i n f i l t r a t e s into the ground-water reservoir. Induced recharge 
into the Potomac-Raritan-Magothy aquifer system from the Delaware River.and 
downward leakage of water through confining units toward pumping centers i n 
Camden County are the primary sources of recharge to the confined lower 
aquifer. 

Flow 

P r i o r t o development, the natural ground-water flow regimen was 
influenced by topography. Recharge to the aquifer system was from 
Precipitation on the topographically high areas of the outcrop northeast of 
frenton, New Jersey. Ground-water flowed from these areas toward discharge 
.areas that included the Delaware River and, to some extent, the topographic 
"'1976)°r S t r e a m v a l l e y s t h a t c u t across the outcrop (Farlekas and others, 

Ground-water diversion has increased steadily since the early 1900's 
Uarlekas and others, 1976, f i g . 15). By 1965, ground-water levels were 
eiow sea-level. The large withdrawal of water from the Potomac-Raritan-

^ gothy aquifer system reversed natural direction of flow, so that ground 
TJPI l o w e d t o w a r d m a J o r cones of depression rather than toward the 
^eiaware River ( f i g s . 4 and 5). Cones of depression are centered i n north-"" 
, n t r a l Camden County, where water levels i n 1983 were as low as 96 f t below 
|ea level (Eckel and Walker, 1986). Heads i n the aquifer system are 
I urrently below the stage of the Delaware River. 
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Table 3.•-Summary of selected specific-capacity-test data from the Swope Oil study area 

[Data from U.S. Geological Survey Ground-Water Site Inventory; gpm, gallons per minute; --, 
data not available] 

Dura­ Dis­ Draw­ Specif 
Well Local Date of tion charge down capac 
number1 Owner number test (hours) 2 (gpm) (feet) (gpm/f 

050123 DELA VALLEY UC DVUC 28 02-24-69 1 1200 38 32 
050124 DELA VALLEY WC STEPHENS DR 02- -70 1002 17 59 

070332 MCHVL-PNSK WMC MARION 2 8 1005 43 23 
070335 MCHVL-PNSK WMC MARION 1 07-03-57 8 1020 39 26 
070346 MCHVL-PNSK WMC PARK AVE 3A 01-31-40 24 720 20 36 
070349 MCHVL-PNSK WMC PARK AVE 1 11-24-47 8 1005 20 50 
070350 MCHVL-PNSK WMC PARK AVE 2 10-13-43 1000 27 37 

070359 CAMDEN CITY WD PUCHACK 5 08-23-24 6 1000 49 20 
070362 CAMDEN CITY WD 6-75 01-29-75 8 1287 23 56 
070363 CAMDEN CITY WD PUCHACK 2 -- 6 1440 49 29 
070364 CAMDEN CITY WD TEST 1-70 .05-01-70 8 542 21 26 
070366 CAMDEN CITY WD PUCHACK 1 10-16-24 6 1400 48 29 

070367 CAMDEN CITY WD PUCHACK 3 05-29-24 6 1175 67 18 
070368 CAMDEN..CITY WD DELAIR 1 10-31-30 8 1680 21 80 
070369 CAMDEN CITY WD DELAIR 2 10-31-30 8 1330 75 18 
070372 MCHVL-PNSK WCM NATIONAL HWY 1 07-21:67 8 1000 29 34 
070373 CAMDEN CITY WD MORRIS 6 07-11-32 8 1700 46 59 

070374 CAMDEN CITY WD MORRIS 9 07-03-32 8 1900 28.5 68 
070377 CAMDEN CITY WD MORRIS 7 -- 8 1680 32 53 
070379 CAMDEN CITY WO MORRIS 10 11-07-61 3 1450 35 41 
070380 KINGSTON TRAP TRAP RK IND 2 08-25-66 2 200 34.5 6 
070381 KINGSTON TRAP TRAP RK IND 1 09-14-55 2 125 8 17 

070382 CAMDEN CITY WD MORRIS 4A 8 1585 28 57 
070386 CAMDEN CITY WD MORRIS 3A 07-28-53 8 1000 34 29 
070389 CAMDEN CITY WD MORRIS 5NA .. 6 1450 46 32 
070528 CAMDEN CITY WD PUCHACK 7 01-29-75 • 8 1287 23 56 
070530 MCHVL-PNSK WMC 4R-A 07-30-79 ' 8 1515 34 45 

070533 CADILLAC PET FOODS 1 08-14-82 4 300 10 30 
070540 CAMDEN CITY WD TW-7-79 02-07-79 6 608 12.3 49 
070545 CAMDEN CITY WD MORRIS 11 08-01-79 24 2030 46 44 
070602 MCHVL-PNSK WC NATIONAL HWY 2 09-01-82 8 1236 32 39 

Well locations shown on plate 1a. 
Estimated. 
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Base from U.S. Department of Agriculture. 
Soil Conservation Service, scale 1:250.000 

Figure 4.--Potentiometric surface of the middle a q u i f e r and 
u n d i f f e r e n t i a t e d p arts of the Potomac-Raritan-Magothy 
a q u i f e r system, southwestern New Jersey, 1983. (Modified 
from Eckel and Walker, 1986, p l a t e 2.) 
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The Swope O i l study area is located on the northwestern edge of the cone 
of depression centered i n Camden County. Water levels i n the water-table 
aquifer (upper Cenozoic deposits, the upper aquifer, and upper and middle 
undifferentiated aquifers of the Potomac-Raritan-Magothy aquifer system) i n 
the study area range from near sea level to greater than 20 f t below sea 
level. During a water-level-measurement program, conducted by the U.S. 
Geological Survey i n 1986, water levels i n the lower aquifer of the Potomac-
Raritan-Magothy aquifer system i n the study area ranged from 5 to 44 f t 
below sea le v e l . Water levels i n the water-table aquifer beneath the Swope 
Oil Superfund s i t e during June 1984 to A p r i l 1985 ranged from 15.8 to 17.9 
f t below sea level (NUS Corporation, 1985). The water l e v e l i n the lower 
aquifer at the National Highway 1 wel l , 300 f t southwest of the s i t e , was 
reported to be approximately 51 f t below sea level during 1984 (NUS 
Corporation, 1985), which i s s i g n i f i c a n t l y lower than that found during the 
U.S. Geological Survey's. 1983 synoptic water-level-measurement program 
(Eckel and Walker, 1986). I t is not reported whether t h i s measurement was 
taken under s t a t i c or pumping conditions. Leakage from the water-table 
aquifer to the lower aquifer i s l i k e l y the result of large withdrawals from 
the lower aquifer. The di r e c t i o n and hydraulic gradients of ground-water " 
flow at the Swope Oi l Superfund s i t e have not been adequately determined. 

Water-Level Fluctuations 

Water levels i n wells i n the study area adjacent to the Delaware River 
and Pennsauken Creek are believed to show a-cyclic f l u c t u a t i o n i n response 
to changes i n r i v e r levels caused by the ocean tides. Tides produce water-
level fluctuations i n the water-table aquifers by generating a f l u x of water 
into and out of the aquifer. Tides produce water-level fluctuations i n 
confined aquifers by pressure loading. 

Rush (1968) reported maximum t i d a l fluctuations of approximately 3 f t i n 
wells screened i n the water-table aquifer adjacent to the Delaware River 
near the study area. Whether ground water at the Swope O i l Superfund s i t e 
is influenced by tides is unknown. Water-level fluctuations at the s i t e i f 
any, would be considerably less than those i n wells closer to the Delaware 
River. Ground-water levels i n the study area also fluctuate i n response to 
changes m withdrawal rates of public-supply and i n d u s t r i a l wells to pre­
c i p i t a t i o n (only i n the water-table aquifer), and to changes i n barometric 
pressure. 

Quality 

Sample-Collection and Laboratory Analytical Methods 

Water-quality data available from 5.3 selected wells i n the study area 
were compiled from information collected by the U.S. Geological Survey NUS 
Corporation, and NJDEP. Sampled wells and the type of analysis performed 
are l i s t e d m table 4. A l l water-quality data are presented i n tables 5 6 
/, and 8. These data were compiled from a l l sources without regard to 
sample-collection methods, laboratory analytical methods, or quality 
assurance/quality control. Data sources and methodology are referenced. 

Methods of collecti o n and analysis of U.S. Geological Survey data follow 
the accepted U.S. Geological Survey water-sample-collection and laboratory 
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Table 4.--Uells with water-quality data by type from 1980-87 in the Swope Oil study area 

Well 
number] Local name 

Analysis 
type ' 

Well 
number1 Local name 

Analysis 
type 

CAMDEN CITY WATER DEPARTMENT SWOPE OIL SUPERFUND SITE 

070363 Puchack 2 I , M, P. B/N 
070366 Puchack 1 I , M. P 
070367 Puchack 3 I , M, P 
070368 Delair 1 I , M. P 
070369 Delair 2 I , M. P 
070370 Delair 3 I . M, P 
070373 Morris 6 I , M. P 
070379 Morris 10 I , M, P 
070386 Morris 3A I , M, P 
070545 Morris 11 I , M, P 
070586 Morris 12 I . M. P 
070587 Morris 13 I , H, P 
070528 Puchack 7 I . M. P 
070535 TW-1-79 I . M, P 

DELAWARE VALLEY UATER COMPANY 

050123 DVWC 28 I , M, P 
050124 Stephens Or I , P 

MERCHANTVILLE-PENNSAUKEN WATER COMMISSION 

070335 Marion 1 I . M, P 
070345 Park Ave 5 I . M. P. B/N 
070350 Park Ave 2 I , H, P. B/N 
070372 National Hwy 1 I . M, P, B/N 
070602 National Hwy 2 I . M, P, B/N 

USGS OBSERVATION WELLS 

050826 Tacony-Palm 1s I 
050827 Tacony-Palm 2 I 
050829 Tacony-Palm 3s I 

RECREATIONAL WELL 

070559 SWIM 1 I , M. P 

001 MW-1 I , M, P, B/N 
003 MW-3 I , M, P, B/N 
004 MW-4 I , M, P, B/N 
005 MW-5 I , M, P, B/N 

PENNSAUKEN TOWNSHIP LANDFILL 

014 MW-1 I , M, P, B/N 
015 MW-2 I , M, P, B/N 
016 MW-3 I , M, P. B/N 
017 MW-3D I , M, P, B/N 
018 MW-4 I , M, P, B/N 
019 MW-5 I , M, P, B/N 
020 MW-5D I , M, P. B/N 
021 MU-6 I , M, P, B/N 
022 MW-6D I , M, P, B/N 
023 MW-7 I , M, P, B/N 
024 MU-8 I , M, P. B/N 
025 MW-9 I , M, P. B/N 
026 MW-10 I , M, P, B/N 
027 MW-11 I , M, P. B/N 
028 MW-11D I , M, P. B/N 
029 MW-12 I , M, P. B/N 

ALUMINUM SHAPES INCORPORATED 

038 MW-1-55 I , M, P. B/N 
039 MW-2-55 I , M, P. B/N 
040 MW-3-65 I , M, P. B/N 
041 MW-4-60 T, M, P, B/N 

REMANUFACTURED ENGINES AND AUTO PARTS 

042 MW-1-55 I , M, P, B/N 
043 MW-2-55 I , M, P, B/N 
045 MW-3-65 I , M, P, B/N 
046 MW-4-60 I , M. P. B/N 

Six-digit well numbers are U.S 
are stored in the U.S. Geological Survey GWSI data base, 
to wells not in the U.S. Geological Survey GWSI data base 
and 1b. 

I Physical properties and common ions 
M Metals 
P Purgeable organic compounds 

B/N Base/neutral- and acid-extractable organic compounds 

Geological Survey unique well numbers; well-construction data 
Three-digit well numbers were assigned 
Well locations shown on plates 1a 

20 



Table 8.--Results o f analyses w i t h detectable concentrations o f base/neutral-
and a c i d - e x t r a c t a b l e organic compounds i n water from w e l l s i n the 
Swope O i l study area 

[Dissolved c o n s t i t u e n t s , i n micrograms per l i t e r ; <, concentration of 
compound i s less than the d e t e c t i o n l i m i t o f 2 p a r t s per b i l l i o n ; BD, 
compound not detected - d e t e c t i o n l i m i t not s p e c i f i e d ] 

Well 
number 1 

Local 
name Date 

Source 
of 

d a t a 2 

Naptha-
lene 

Bis 
( 2 - e t h y l h e x l ) 

Phthalate 

Di-N 
Octyl 

Phthalate 

Swope O i l Superfund S i t e 

001 MW-1 • 07-12-84 NUS BD <2 
003 MW-3 07-12-84 NUS BD 58 
005 MW-5 07-12-84 NUS BD <8 

Pennsauken Township L a n d f i l l 

014 MW-1 02-10-87 NJDEP BD 30 
015 MW-2 02-10-87 . NJDEP BD 68 
019 MW-5 02-10-87 NJDEP BD 16 
023 MW-7 02-10-87 NJDEP BD 65 
025 MW-9 02-10-87 • NJDEP BD 38 

Remanufactured Engines and Auto Parts 

042 MW-2 03-17-87 NJDEP 4 BD 
042 MW-2 06-11-87 NJDEP 3 BD 

I Three-digit well numbers were assigned to wells not i n the 
GWSI data base. 

numbers were assigned to wells not i n 

<2 
58 
BD 

BD 
BD 
BD 
BD 
BD 

BD 
BD 

Source o f data: NUS Corporation (NUS) and the New Jersey Department of 
Environmental P r o t e c t i o n (NJDEP). Data presented were not v e r i f i e d or 
examined f o r q u a l i t y assurance or q u a l i t y c o n t r o l . 
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-U.S. Environmental P r o t e c t i o n Agency hazardous substance l i s t 

[The f o l l o w i n g compounds comprise the U.S. Environmental P r o t e c t i o n Agency 
Hazardous Substance L i s t , from NUS Corporation (1986)] 

h • 

jggANICS 

gc|naphthene 
acenaphthylene 
ketone 
a l d r m 
anthracene 
Aroclor 1016 
•Aroclor 1221 
Ijfroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
-Aroclor 1260 
benzene 
ŝ benz (a) anthracene 
fbenzo(b)fluoranthene 
"benzo (k) f luoranthene 
^benzoic a c i d 
|benzo(ghi)perylene 
fbenzo(a)pyrene 

;'benzyl alcohol 
Valpha-BHC 
^beta-BHC 
.Jdelta-BHC 
fi l j gamma -BHC 
i?.. b i s (2 - chloroe thoxy) me thane 
fff b i s (2 - chloroe t h y l ) e ther 
'~i b i s ( 2 - c h l o r o i s o p r o p y l ) e t h e r 

b i s ( 2 - e t h y l h e x y l ) p h t h a l a t e 
bromodichloromethane 
bromomethane 
4-bromophenyl phenyl ether 
b u t y l benzyl phthalate 
carbon d i s u l f i d e 
carbon t e t r a c h l o r i d e 
chlordane 
p - c h l o r o a n i l i n e 
chlorobenzene. 
chlorodibromomethane 
chloroethane 
2-chloroethyl v i n y l ether 
chloroform 
chloromethane 
2-chloronaphthalene 
2-chlorophenol 
4-chlorophenyl phenyl ether 
chrysene 
o r t h o - c r e s o l 
para-cresol 
4,4'DDD 
4,4'DDE 
4,4'DDT 

dibenzo(a,h)anthracene 
dibenzofuran 
d i - n - b u t y l phthalate 
m-dichlorobenzene 
o-dichlorobenzene 
3,3'-dichlorobenz i d i n e 

1.1- dichloroethane 
1.2- dichloroethane 
1,1-dichloroethylene 
dichloromethane 
2,4-dichlorophenol 
1,2 -dichloropropane 
cis-1,3-dichloropropene 
trans-1,3-dichloropropene 
d i e l d r i n 
d i e t h y l phthalate 
2,4-dimethylphendl 
dimethyl phthalate 
4 , 6 - d i n i t r o - o - c r e s o l 
2,4-dinitrophenol 
2 , 4 - d i n i t r o t o l u e n e 
2 , 6 - d i n i t r o t o l u e n e 
d i - n - o c t y l phthalate 
di-n-propylnitrosamine 
endosulfan s u l f a t e 
endosulfan I (alpha) 
endosulfan I I (beta) 
endrin 
endrin ketone 
e t h y l benzene 
fluoranthene 
fluorene 
heptachlor 
heptachlor epoxide 
hexachlorobenzene 
hexachlorobutadiene 
hexachlorocyclopentadiene 
hexachloroethane 
2-hexanone 
indeno(l,2,3-cd)pyrene 
isophorone 
methoxychlor 
methyl e t h y l ketone 
2-methylnaphthalene 
4-methy1-2-pentanone 
2-methylphenol 
4-methylphenol 
napthalene ; 

m - n i t r o a n i l i n e 
o - n i t r o a n i l i n e 
p - n i t r o a n i l i n e 
nitrobenzene 
2-nitrophenol 

4-nitrophenol 
N-nitrosodiphenylamine 
pentachlorophenol 
phenanthrene 
phenol 
pyrene 
styrene 
1,1,2,2-tetrachloroethane 
t e t r a c h l p r o e t h y l e n e 
toluene 
toxaphene 
tribromomethane 
1,2,4-trichlorobenzene 
1.1.1- t r i c h l o r o e t h a n e 
1.1.2- t r i c h l o r o e t h a n e 
t r i c h l o r o e t h y l e n e 
2,4,5 - t r i c h l o r o p h e n o l 
2,4,6- t r i c h l o r o p h e n o l 
v i n y l acetate 
v i n y l c h l o r i d e 
t o t a l xylenes 

METALS 

aluminum. 
antimony 
arsenic, 
barium 
b e r y l l i u m 
cadmium 
calcium 
chromium . 
c o b a l t 
copper 
i r o n 
lead 
magnesium 
manganese 
mercury 
n i c k e l 
potassium 
selenium 
s i l v e r 
sodium 
t h a l l i u m 
t i n 
vanadium 
zinc 

INORGANICS 

cyanide 



Table 10.•-Maximum concentrations of metals and purgeable organic compounds in ground water in the Swope Oil 
study area, grouped by water purveyors and waste-disposal sites -

[Drinking-water standards and maximum concentrations in micrograms per liter; --, water-quality data 
not available; BD, concentration of the constituent is less than the detection limit; (.if), number of 
analyses that exceed drinking-water limits; SE, recommended drinking-water standards have not been 
established] 

Metals and 
purgeable organic 
compounds 
detected in 
ground water 

Drinking-water standards 
Maximum concentrations and number of analyses 

that exceed drinkina-water limits 
Metals and 
purgeable organic 
compounds 
detected in 
ground water 

USEPA maximuu 
contaminant 
levels 1 NJDEP2 

Camden City 
Water Dept. 

Delaware Valley 
Water Company 

Merchantville-
Pennsauken 
Water Commission 

Aluminum SE SE 100 100 
Arsenic 50 50 4 1 1 
Barium 1,000 , 1,000 110 61 60 
Beryliurn SE SE 3 BD 5 
Cadmium 10 10 7 2 1 
Chromium (Hexavalent)3 50 50 390(4) 1 BD 
Cobalt SE SE 170 6 
Copper4 1,000 SE 51 25 110 
Lead 50 50 20; 20 
Mercury 2 2 0.48 , 1.9 
Nickel SE SE . 20 BD 
Selenium 10 10 -- 2 
SiIver 50 50 --
Thalium SE SE BD BD 
Zinc 4 5,000 SE 295 56 57 
Benzene SE 1 5(1) BD 
Bromoform SE SE BD BD BD 
Carbon Tetrachloride SE 2 BD BD 18(1) 
Chlorobenzene SE 4 10(1) BD BD 
Chloroform SE SE BD B0 BD 
Ethyl Benzene SE SE BD BD BD 
Methyl Chloride SE SE BD BD 
Acrolein SE SE 
1,3-Dichloropropene SE SE BD BD BD 
Methylene Chloride SE 2 8(1) BD 13(1) 
Tetrachloroethylene SE 1 5(2) BD 5(1) 
Toluene SE SE 6 BD BD 
Trichloroethylene SE 1 64(6) BD 150(8) 
Vinyl Chloride SE 5 4.6 . BD BD 
1,1-Dichloroethylene SE 2 6(2) BD BD 
1,1-Dichloroethane SE SE. BD BD 6 
1,1,1-Trichloroethane SE 26 BD BD 14(1) 
1,1,2,2-Tetrachloroethane SE SE B0 BD BD 
1,2-Dichloroethane SE 2 BD BD 2 
1,2-Dichloropropane SE SE BD BD BD 
Cis and Trans 
1,2-D i chloroethyIene SE 10 25(2) BD 53(2) 
1,3-D i chIorobenzene SE 600 BD 
1,4-Dichlorobenzene SE 6 BD 
1,2-DichIorobenzene SE 600 BD 
Total purgeable organic 5 

compound--maximum 
concentration for a 
single well SE 50 64(1) BD 6162(6) 

Taken from U.S. Environmental Protection Agency (1986). 
Taken from U.S. Environmental Protection Agency (1977a), and proposed by the N.J. Department of 
Environmental Protection (Baker and Hamill, written comnun., f987). 
NUS reported total dissolved chromium, refer to table 6. 
U.S. Environmental Protection Agency recommended maximum contaminant level (U.S. Environmental Protectic 
M9©nCyj l 7 l I D ) • 
The number of purgeable organic compounds analyzed for in water samples is variable. 
During 1988, total purgeable organic compounds in water from National Highway well 1 are approximately 
.500 micrograms per liter (Dick Brown, Merchantville-Pennsauken Water Commission, oral ccKrmun. 1988) 



r m n . -Maximum concentrations of 
*ft»1V" cfudy area, grouped by wate 

metals and purgeable organic compounds in ground water in the Swope Oil 
er purveyors and waste-disposal sites--Continued 

[Drinking-water standards 
not available; BD, concent 
analyses that exceed drink 
established] 

and maximum concentrations in micrograms per l i t e r ; --. water-quality data 
ration of the constituent is less than the detection limit; (#), number of 
ing-water limits; SE, recommended drinking-water standards have not been 

Sals 8 n d 

Keable organic 
founds 
Jjteeted in 
frjSd water 

Maximum concentrations and number of analyses that exceed drinking-water standards 
Pennsauken Aluminum Remanufactured 

Recreational Swope Oil Township Shapes Engines and 
Uell Superfund site Landfill Incorporated Auto Parts 

iUftihum 
seriic 

gCacfciium 
Srwiium (Hexavalent) 

EH"!1 

tead -
I ^ c u r y 
| | | k e l 
IsSlenium 
Silver 
Thalium 

Plf3 

| | lnzene--
fBronioform 
meg} 

|C|rbon Tetrachloride 
Km.orobenzene 
ICnlbroforni 
Sphyl Benzene 
fgf t r iy l Chloride 
{[Acrolein 

Isl,3-D i chIoropropene 
^e thy lene Chloride 
i jetrachloroethylene 
^Toluene 
'Trichloroethylene 
Vinyl Chloride 

•1,1-D i chIoroethyIene 
, 1,1-Dichloroethane 
-•I 11,1-Trichloroethane 

-..1,1,2,2-Tetrachloroethane 
;-1.2-Dichloroethane 
,1,2-Dichloropropane 
Cis and Trans 
1.2- Dichloroethylene 
1.3- DichIorobenzene 
1.4- Dichlorobenzene 
1,2-DichIorobenzene 
Total purgeable organic 
compounds--maximum 
concentration for a 
single well 

18,900 90 421 --
-- 16 8 9 1 --
70 131 200 390 — 
BD 2 1 -- 33 
1 1.1 8 10 17.(3) 

64(2) 1100(2) 6 . 56.(1) 
8 16 . 40 -- .. 
33 40 55 -- 163 
-- 90(3) 47 -- 89.(4) 
-- 0.71 4.5(1) 4 --
-- 25 -- 104 128 
-- -- 8.6 --
-- -- -- -- 11 
-- BD -- 1500 
77 152 200 86 147 

190(11) 72(4) 300(1) 
-• BD 5 --
BD 24(3) -- --

72(10) 48(3) BD 
BDK 7,600 BD BD 

300 180 BD 
10 BD 10 
BD 10 BD 
47 BD BD 

BD 15(7) BD 20(1) 
BD 42(3) 59(8) 67(1) BD 
BD BD 38 BD 400 
BD BD 50(5) BD 3,000(6) 
-- BD 37(5) 25(1) BD 

13(3) BD BD 310(2) 
BD BD 83 BD 1,000 
BD 53(3) 16 BD 4,900(3) 
-- BD 35 BD BD 
BD BD BD BD BD 

BD BD BD 300 

BD 8 170(10) 115(2) 3,300(3) 
BD 8 BD BD 
BD 17(2) 17(1) --

63 BD 52 

BD 108(3) 451(10) 145(4) 35,140(5) 
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l a n d f i l l , which i s screened i n the lower a q u i f e r of the Potomac-Raritan-
Magothy a q u i f e r system, contains concentrations of POCs t h a t exceed NJDEP 
recommended drinking-water c r i t e r i a . The maximum concentration of t o t a l 
POCs1 i n water from w e l l s a t each waste-disposal s i t e ranges from 108 Mg/L 

(micrograms per l i t e r ) a t the Swope O i l Superfund s i t e t o 35,140 /ig/L a t 
Remanufactured Engines and Auto Parts. Water i n observation w e l l s screened 
i n the water-table a q u i f e r a t the Swope O i l Superfund s i t e , Pennsauken 
Township l a n d f i l l , and Remanufactured Engines and Auto Parts also contains 
base/neutral- and a c i d - e x t r a c t a b l e organic compounds. 

At the Swope O i l Superfund s i t e , four observation w e l l s are screened i n 
the water-table a q u i f e r (upper and middle u n d i f f e r e n t i a t e d a q u i f e r of the 
Potomac-Raritan-Magothy a q u i f e r system). During 1984, concentrations of 
chromium and lead exceeded the USEPA MCL i n two observation w e l l s . The 
maximum concentration of chromium and lead i n water from these w e l l s i s 
64 /ig/L and 90 /ig/L. Concentrations of POCs i n three w e l l s exceed NJDEP 
recommended drinking-water c r i t e r i a . T o t a l POCs i n water from these three 
w e l l s range from 66 f i g / L to 108 MgA- P 0 C s detected are 1,1,1-
t r i c h l o r o e t h y l e n e , t e t r a c h l p r o e t h y l e n e , t r i c h l o r o e t h y l e n e , and 1,1-
dichloroethylene ( t a b l e 7 ) . I n a d d i t i o n , base/neutral- and a c i d - e x t r a c t a b l e 
organic compounds were detected i n w e l l MW-3 ( p i . l a , w e l l number 003). 

DATA BASE 

Well Inventory 

Table 11 presents selected i n f o r m a t i o n on 98 w e l l s and 16 t e s t borings 
i n the Swope O i l study area ( p i . l a ) . This t a b l e includes data on con­
s t r u c t i o n , d r i l l e r s ' and g e o l o g i s t s ' logs, geophysical logs, water l e v e l s , 
w e l l y i e l d and a q u i f e r tapped. Data on 64 w e l l s and t e s t borings were 
obtained from the U.S. Geological Survey GWSI data base, 41 were obtained 
from NJDEP f i l e s , and f i v e were obtained from NUS Corporation (1985). 
Copies of selected d r i l l e r s ' and ge o l o g i s t s ' logs and geophysical logs made 
i n 68 w e l l s and 12 t e s t borings are shown i n Appendixes C and D. Many 
geo l o g i s t s ' logs are based on cored l i t h o l o g i c samples inspected by 
geo l o g i s t s . Gamma-ray, s i n g l e - p o i n t resistance and spontaneous p o t e n t i a l 
logs are included i n Appendix D. Because the geophysical logs have been 
reduced i n si z e , some d e t a i l s may be missing. Copies of the o r i g i n a l logs 
are a v a i l a b l e f o r p u b l i c i n s p e c t i o n a t the New Jersey D i s t r i c t o f f i c e of the 
U.S. Geological Survey. 

The number of POCs analyzed i n water samples i s v a r i a b l e . 
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Ground-Water Levels 
l i t ' 

Ground-water levels measured in 14 wells in the study area by the U.S. 
Ideological Survey during regional synoptic ground-water measurement programs 
tin 1984 and 1986 are listed in table 12. Ground-water levels measured in 
Hive observation wells by NUS Corporation during 1984 and 1985 at the Swope 
'Oil Superfund site are listed in table 13. Water levels were measured using 
|the wetted-steel-tape method or electric tape. 
j- • 

^ Accuracy o f ground-water l e v e l s i n t h i s r e p o r t depends on' the method 
fused to determine land-surface e l e v a t i o n at a w e l l , and on the method used 
i t o measure water l e v e l s . Land-surface e l e v a t i o n at w e l l s i n the U.S. 
Geological Survey w a t e r - l e v e l network i n the study area was estimated by 
v i s u a l i n s p e c t i o n of U.S. Geological Survey 7 1/2-minute quadrangle maps 
that have a 1 0 - f t contour i n t e r v a l . Land-surface e l e v a t i o n f o r w e l l s a t the 
Swope O i l Superfund s i t e and a t the other waste disposal s i t e s were measured 
to w i t h i n 0.01 f t by land surveyors. The U.S. Geological Survey ground­
water- l e v e l measurements are less accurate than measurements taken a t the 
Swope O i l Superfund s i t e due to the inherent l i m i t a t i o n s o f es t i m a t i n g land-
surface elevations from a map. ^ 

Specific-Capacity and Slug Tests 

S p e c i f i c - c a p a c i t y - t e s t r e s u l t s and s p e c i f i c c a p a c i t i e s f o r 30 w e l l s i n 
the study area w i t h diameters equal.to or greater than 6 i n . are l i s t e d i n 
table 3. Data are a v a i l a b l e only f o r the lower a q u i f e r o f the Potomac-
Raritan-Magothy a q u i f e r system. S p e c i f i c capacity depends on the h y d r a u l i c 
c h a r a c t e r i s t i c s of an a q u i f e r and on the c o n s t r u c t i o n of a w e l l . S p e c i f i c 
capacity may be used t o estimate the h y d r a u l i c c o n d u c t i v i t y of an a q u i f e r 
(Heath, 1987). 

Data from 14 slug t e s t s conducted i n observation w e l l s a t the Swope O i l 
Superfund s i t e and the Pennsauken Township L a n d f i l l are shown i n Appendix A 
and are l i s t e d i n Appendix B. Slug t e s t s provide i n f o r m a t i o n on the 
h o r i z o n t a l h y d r a u l i c c o n d u c t i v i t y of an aq u i f e r . Hydraulic c o n d u c t i v i t i e s 
derived from slug t e s t s are most representative of the h y d r a u l i c p r o p e r t i e s 
of the m a t e r i a l adjacent to the w e l l screen. Because s l u g t e s t s stress a 
r e l a t i v e l y small volume o f the a q u i f e r , they are less l i k e l y to include the 
pathways t h a t c o n t r o l the e f f e c t i v e h y d r a u l i c c o n d u c t i v i t y of the system 
(B. P. Sargent, U.S. Geological Survey, w r i t t e n commun., 1987). 

NUS Corporation conducted slug t e s t s i n four w e l l s screened i n the 
water-table a q u i f e r (upper and middle u n d i f f e r e n t i a t e d a q u i f e r of the 
Potomac-Raritan-Magothy a q u i f e r system) at the Swope O i l Superfund s i t e 
using the vacuum method. These we l l s are screened below the water t a b l e . 
The water l e v e l s i n each observation w e l l were r a i s e d by c r e a t i n g a vacuum 
i n the w e l l . The vacuum was maintained f o r a short time so t h a t the water 
l e v e l could s t a b i l i z e . When the vacuum was released, a pressure transducer 
recorded w a t e r - l e v e l changes (NUS Corporation, 1985). 

i 

Woodward-Clyde Consultants conducted rising-head and f a l l i n g - h e a d ' s l u g 
t e s t s m 10 w e l l s screened i n the water t a b l e and confined a q u i f e r s of the 
Potomac-Raritan-Magothy a q u i f e r system at the Pennsauken L a n d f i l l . The 
water l e v e l s i n each w e l l were r a i s e d or lowered by adding a slug of water 
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il 

•Water levels in wells in the Oil study area measured by the,U.S. Geological Survey. 1984 and 1986 M 

[ f t , feet ; mo/day, month' and day; --, data not avaiIable] 

Method of Water level 
measurement 1984 1986 

Well 
number Owner 

Local 
number 

Attitude of 
land surface 

( f t ) 
Land 
surface'' 

Water 
levels 3 

Altitude 
( f t ) 

Date 
(mo/day) 

Altitude 
( f t ) 

Date III 
(mo/daytfS 

050123 Dela Valley WC DVWC 28 25 M S -7 11/14 -11 8/27 mk 

070348 Mchvl-Pnsk WC Park Ave 3 25 M T -35 11/19 -39 8/26 I j g 
•[*f§aj 

070359 Camden City WD Puchack 5 30 M S •25 11/28 -30 8/28 '$M 

070377 Camden City WD Morris 7 10 L S •12 11/26 --

070379 Camden City WD Morris 10 16 M S -10 11/28 -13 8/28 fi 

070382 Camden City WD Morris 4A , 8 M -- -- -- -9 8/28 f | 

070390 Camden City WD Morris 1 9 M T •3 11/28 -5 8/28 H 
,ryH 070528 Camden City WD Puchack 7 20 M S -29 11/28 -33 8/28 ' l 

070533 Cadi I lac Pet Food 1 8 M -- -14 1/30 ' -- "m 

070535 Camden City WD TW-1-79 10 M S -24 11/28 -23 8/28 f| 
070537 Camden City WD TW-4-79 10 . -. M 

•-
-- ' -- -30 8/28 1 

070538 Camden City WD TW-5-79 10 M s -39 11/28 -35 8/28 I 

070539 Camden City WD TW-6-79 10 M s -47 11/28 -44 8/28 J 

070540 Camden City WD TW-7-79 10 M T -29 11/28 -29 8/28 1 

Six-digit well numbers are USGS unique well numbers; well construction details are stored in the USGS GWSI data 
base. Well locations shown on plate 1a. 

Method of altitude of land surface measurement: (M) taken from USGS 7-1/2-minute quadrangle map with a 10-foot 
contour interval; (L) leveled in with surveying equipment. « 

Method of water-level measurement(s): 

Feet below sea level. 

(S) wetted-steel-tape; (T), electric tape. 
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jfgf 13.--Uater levels in wells at the Swope Oil Superfund site. 1984 and 1985 

(Data from NUS Corporation, 1985; f t , feet; mo/day, month and day; --, data not available] 

Water l e v e l 2 . 3 . 4 

number' Owner 

Local 
number 

Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 

'Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope' 

, Swope 
Swope 
Swope 
Swope 
Swope 
Swope 
Swope 

I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 
I Co. 

MW-1 
MW-1 
MW-1 
MW-1 
MW-1 
MW-1 
MW-1 
MW-1 
MW-2 
MW-2 
MW-2 
MW-3 
MW-3 
MW-3 
MW-3 
MW-3 
MU-3 
MW-4 
MW-4 
MW-4 
MW-4 
MW-4 
MW-4 
MW-4 
MW-4 
MW-5 
MW-5 
MW-5 
MW-5 

Altitude of 
land surface 

( f t ) 

1984 

63.28 
63.28 
63.28 
63.28 
63.28 
63.28 
63.28 
63.28 
63.39 
63.39 
63.39 
64.10 
64.10 
64.10 
64.10 
64.10 
64.10 
59.77 
59.77 
59.77 
59.77 
59.77 
59.77 
59.77 
59.77 
63.27 
63.27 
63.27 
63.27 

Altitude Date 
( f t ) (mo/day) 

1985 
Altitude 

( f t ) 
Date 

(mo/day) 

-16.18 06/13 . -16.74 01/31 
-16.27 06/19 -17.52 03/05 
-16.05 06/27 -17.86 04/01 
-16.49 06/28 -- --. 
-16.17 07/01 -- .--
-16.07 07/04 -- --
-15.97 07/11 -- . .. 
-15.94 10/27 -- --
-15.94 07/11 -16.92 01/31 
-15.79 10/27 -17.54 03/05 
-- -- -17.81 04/01 

-16.27 06/27 -16.98 01/31 
-16.64 06/28 -17.68 03/05 
-16.35 07/01 -17.86 04/01 
•16.28 07/04 -- '--
-16.15 07/11 -- --
-15.98 10/27 -- --
-16.13 06/13 -16.78 01/31 
-16.18 06/19 -17.51 , 03/05 
-16.13 06/27 -17.90 04/01 
-16.53 06/28 •- --
-16.15 07/01 -- --
-16.10 07/04 -- --
-15.96 07/11 -- --
-15.80 10/27 ' •• --
-16.01 07/01 -16.81 01/31 
-15.94 07/04 -17.40 03/05 
-15.81 07/11 -17.78 04/01 
-15.94 10/27 -- --

^£??'di9it well numbers were assigned to wells not in the USGS GWSI data base. Well locations 
Sfflfiun on plate 1b. 

r levels were measured using the electric-tape method and/br the wetted-steel-tape method. 
h v.. kelow sea level. 

Presented were not verified or examined for quality assurance or quality control. 



to or removing a slug of water from the well. A pressure transducer coupled' 
to a data logger recorded water-level changes (Woodward-Clyde Consultants, 
1988). 

Ground-Water Withdrawals 

Ground-water withdrawals i n the study area during 1973-87 are presented 
i n table 14. Monthly and annual withdrawals are l i s t e d for individual 
public-supply wells or well f i e l d s . I n the study area, well f i e l d s rather 
than individual wells are generally metered for withdrawals. Withdrawals 
from i n d u s t r i a l wells i n the study area are currently unavailable 
(G. M. Farlekas, U.S. Geological Survey, oral commun., 1988). Withdrawal 
data p r i o r to the 1985 RI/FS study conducted at the Swope Oi l Superfund s i t e 
are presented for h i s t o r i c a l perspective. 

Chemical Analyses 

Results of 183 chemical analyses of water from 49 wells i n the Swope Oi l 
Superfund study area are shown i n tables 5 through 8. These analyses 
include 44 chemical analyses of water collected from 29 observation wells at 
four waste disposal sites and three public supply wells during 1984-87 by 
consultants for the USEPA and NJDEP; and 139 chemical analyses of water 
collected from 23 wells during 1980-87 by the U.S. Geological Survey. Data 
l i s t e d i n these tables are physical properties and common ions (table 5); 
trace metals (table 6); purgeable organic compounds (table 7); and base/ 
neutral- and acid-extractable organic compounds (table 8). 

30 



REFERENCES CITED 

^Barksdale, H.C., Greenman, D.W., Lang, S.M., Hilton, G.S., and Outlaw, D.E., 
. 1958, Ground-water resources i n the t r i - s t a t e region adjacent to the 
lower Delaware River: New Jersey Department of Conservation and 
Economic Development Special Report 13, 190 p. 

Bauersfeld, W.R., Moshinsky, E.W., Pustay, E.A., and Jones, W.D., 1987; 
Water resources data--New Jersey, water year 1986, v o l . 2: U.S. 
Geological Survey annual report, HD-87/261, 197 p. 

Bionetics Corporation, 1984, Site analysis Swope O i l and Chemical Company, 
Pennsauken, New Jersey: Unpublished consultant's report prepared for 
the U.S. Environmental Protection Agency, 18 p. 

Camp Dresser McKee, Inc., 1982, Groundwater management plan for study area 
I , Coastal Plain formations: Unpublished consultant's report prepared 
for the Delaware River Basin Commission, 338 p. 

Eckel, J.A., and Walker, R.L., 1986, Water levels i n major artesian aquifers 
of the New Jersey Coastal Plain: U.S. Geological Survey Water-
Resources Investigations Report 86-4028, 62 p. 

Farlekas, G.M., Nemickas, Bronius, and G i l l , H.E., 1976, Geology and ground­
water resources of Camden County, New Jersey: U.S. Geological Survey 
Water-Resources Investigations Report 76-76, 146 p. 

Friedman, L.C., and Erdmann, D.E., 1982, Quality assurance practices for the 
chemical and biological analysis of water and f l u v i a l sediments: 
Techniques of Water-Resources Investigations of the U.S. Geological 
Survey, Bk. 5, chap. A6, 181 p. 

Fusillo, T.V., and Voronin, L.M., 1981, Water-quality data for the Potomac-
Raritan-Magothy aquifer system, Trenton to Pennsville, New Jersey: 
U.S. Geological Survey Open-File Report 81-814, 39 p. 

Fusillo, T.V., Hochreiter, J.J., and Lord, D.G., 1984, Water-quality data 
for the Potomac-Raritan-Magothy aquifer system i n southwestern New 
Jersey, 1923-83: U.S. Geological Survey Open-File Report 84-737, 
127 p. 

1985, D i s t r i b u t i o n of v o l a t i l e organic compounds i n a New Jersey 
Coastal Plain aquifer system: Ground Water, v. 23, no. 3, p. 354-360. 

Geraghty and M i l l e r , Inc., 1987, Work plan for supplemental Remedial 
Investigation/Feasibility study at the Swope O i l and Chemical Company 
s i t e ; Unpublished consultant's report prepared for the U.S. 
Environmental Protection Agency, 57 p. 

G i l l , H.E., and Farlekas, G.M., 1976, Geohydrologic maps of the Potomac-
Raritan-Magothy aquifer system i n the New.Jersey Coastal Plain: U.S. 
Geological Survey Hydrologic-Investigations Atlas HA-557. 



REFERENCES CITED--Continued 

Harbaugh, A.W., Luzier, J.E., and Stelle r i n e , Flavian, 1980, Computer-model 
analysis of the use of Delaware River water to supplement water from 
the Potomac-Raritan-Magothy aquifer system i n southern New Jersey: 
U.S. Geological Survey Water-Resources Investigations 80-31, 47 p. 

Heath, R.C., 1987, Basic ground-water hydrology: U.S. Geological Survey 
Water-Supply Paper 2220, 87 p. 

Hem, J.D., 1985, Study and interpretation of the chemical characteristics of 
natural water, 3d ed.: U.S. Geological Survey Water-Supply Paper 2254 
263 p. 

Langmuir, Donald, 1969, Iron i n ground waters of the Magothy and Raritan 
Formations i n Camden and Burlington Counties, New Jersey: New Jersey 
Department of Conservation and Economic Development, Division of Water 
Policy and Supply, Water Resources Circular 19, 49 p. 

Leahy, P., Paulachok, G.N., and'Navoy, A.S., 1987, Plan of study for the New 
Jersey Bond Issue ground-water-supply-investigations: U.S. Geological 
Survey Open-File Report 87-1, 53 p. 

Luzier, J.E., 1980, D i g i t a l simulation and projection of head changes i n the 
Potomac-Raritan-Magothy aquifer system, Coastal Plain, New Jersey: 
U.S. Geological Survey Water-Resources Investigations 80-11, 112 p. 

Martin, M., 1987, Ground-water flow i n the New Jersey Coastal Plain: U.S. 
Geological Survey Open-File Report 87-528. 

Meisler, Harold, 1980, Plan of study for the northern A t l a n t i c Coastal Plain 
Regional Aquifer Systems Analysis: U.S. Geological Survey Water-
Resources Investigations 80-16, 27 p. 

New Jersey Department of Environmental Protection, 1987, Field procedures 
manual for water data acquisition: Trenton, New Jersey, 30 p. 

NUS Corporation, 1985, Remedial Investigation/Feasibility study of 
alternatives, Swope O i l Company s i t e , Pennsauken, New Jersey: 
Unpublished consultant's report prepared f o r the U.S. Environmental 
Protection Agency, 262 p. 

1986, Superfund and p r i o r i t y pollutant compounds: Analytical Control, 
v. 11, no. 3, 2 p. 

Owens, P.O., and Minard, J.P., 1979, Upper Cenozoic sediments of the Lower 
Delaware Valley and the Northern Delmarva Peninsula, New Jersey, 
Pennsylvania, Delaware, and Maryland: U.S. Geological Survey 
Professional Paper 1067-D, 47 p. 

32 



REFERENCES CITED--Continued 

e l ( G.G., Hely, A.G., Keighton, W.B.. , Olmsted, F.H. , and others, 1964, 
5 Water resources of the Delaware River Basin: U.S. Geological Survey' 
|-Professional Paper 381, 200 p. 

•h!, E-E-> I 9 6 8 . Geology and ground-water resources of Burlington County, 
JNew Jersey: New Jersey Department of Conservation and Economic 
Development, Division of Water Policy and Supply, Special Report 26, 

f%65 p. 

^.Environmental Protection Agency, 1977a, National primary drinking water 
'•. regulations: U.S. Environmental Protection Agency, EPA-570/9-76-003 

b:( 1 p • 

_• 1977b, National secondary drinking water regulations: Federal 
Register, v. 42, no. 62, Thursday, March 31, 1977, Part I p 17143-
17147. ' 

1 9 8 6 . Quality c r i t e r i a for water 1986: U.S. Government Printing 
; Office, Washington, D.C., 256 p. 

|Vowinkel, E.F., and Foster, W.K., 1981; Hydrogeologic conditions i n the 
Coastal Plain of New Jersey: U.S. Geological Survey Open-File Report 
81-405, 39 p. 

^Vowinkel, E.F., 1984, Ground-water withdrawals from the Coastal Plain of New 
Jersey, 1956-80: U.S. Geological Survey Open-File Report 84-226, 32 p. 

^Walker, R.L., 1983, Evaluation of water levels i n major aquifers of the New 
Jersey Coastal Plain, 1978: U.S. Geological Survey Water-Resources 
Investigations Report 82-4077, 56 p. 

•Wershaw, R.L., Fishman, M.J., Grabbe, R.R., and Lowe, L.E., 1987, Methods 
for the determination of organic substances i n water and f l u v i a l 
sediments: U.S. Geological Survey Techniques of Water-Resources 
Investigations, Bk. 5, Laboratory Analysis, chap. A3, 80 p. 

Woodward-Clyde Consultants, 1988, Analytical and numerical transport model 
for the Pennsauken Sanitary L a n d f i l l : Unpublished consultant's report 
125 p. ' 

Zapecza, O.S., 1989, Hydrogeologic framework of the New Jersey Coastal 
Plain: U.S. Geological Survey Professional Paper 1404-B, B49, 24 p i . 



WATER-RESOURCES INVESTIGATIONS REPORT 89-402 
PLATE 1 



EPARTMENT OF THE INTERIOR 
S GEOLOGICAL SURVEY 

30" 5* 

EXPLANATION 

A ' LINE OF HYDROGEOLOGIC SECTION—Section 
C - C shown in figure 3 

360 WELL, TEST-BORING SITE AND IDENTIFICATION 
NUMBER 

^ -
—Par* V 

bpW^- Cem 

\ 

St B y 

Pla 

Solhsati 

1/2 1 MILE 

1 KILOMETER 



EXPLANATION 

Boundary of public-supply well field 

— Boundary of waste-disposal site 

• Public-supply well 

1/2 1 MILE 

1 KILOMETER 

1c. Location of publ ic -supply well f ields and waste-d isposal sites with observation-well networks. 



WATER-F 

Base modified from 
NUS Corporation, 1985 

EXPLANATION 

BOUNDARY OF SWOPE OIL SUPERFUND SITE 

TEST BORING—Number is three-digit number assigned to wells 
and test borings not in the U.S. Geological Survey Ground Water Site 
Inventory data base ' 

OBSERVATION WELL—Number is three-digit number assigned to wells 
and test borings not in the U.S. Geological Survey Ground Water Site 
Inventory data base 

0 60 120 FEET 

0 15 30 METERS 

^ 0 0 4 

l b . Locat ion of wells and test borings at the Swope Oil Superfund Site 
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